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4Annotated BibliograPhylof Papers Prepared for this PrOject

.

Carbonell, J.. R. and. Collins, A. M. Natural semantics in

artificial intelligence: In Proceedings of the Third

International Joint Conferencg,on Artificial Intelligence,

.Stanfor University, 1973, 344-351. Reprinted in the
#

Journal of Computational Linggistics, 1, Mfc 3, 1974.Ameri

(partial support)

This paper discus#eslhuma emantic knowledge and

prbcessin4 in terms of e S HOLAR system. Zn one

major section we discuss Ile imprecision,, the incom-

paeteness,thp-openr-ended ess, and the uncertainty of

people's kpoWle'dge. Inithe other major section d

We diftuss strategies people use to make different

types of deductive, negatice, and functional inferences,

and .the way uncertainties combindp yiese inferences.

/
Collins, A. M., Passafidm

Improving interactive

instruction. BBN,Repo

, J. 4, Gould, L., and Cat/bonen, J. G.

apabilities in compater-assisted

t No. 201, 1973.

Thisreport describes the elielopment of interactive

capabilities 'in the SCHOLAR CAI system 'centering in three

main areas: implementation of two presentation

'strategies in SCHOLAR (Tutorial mode and Block-Test mode)

and a comparative evaluation of these two modes using

high-school students as subjects; (2) initial study based

on anaaviis of tutorial dialogue of how .to teach

1



Collins,

A

procedural-knowledge interactively within SCHOLAR, and

-(3) addition of a module for teaching geography using the
'map display and related question-answering facilities

recently added to SCHOLAR.

A. M.; Warnock, E. k, and Passafiume, J. J.ipnalysis

and synthesis' of tutorial "dialogues. In G.BowerAlEd.),

The psychology of'learning and motivation, Vol. 9%

New York: Academic Press, 1975,.

In this paper wei attempt to analyze tie 'strategies by

which tutors adapt their teaching to., ndividual students,

so that we can synthesize these strategies in

SC OLAR:CAIQsystem. To fine out 1,(hat atrategie

tutors use, we tape-recorded dialoguesbetwee various
.

tutors and students on the topic of. Smith- erican

geography. Because SCHO is a well?-def ned proqr

it is possible to-analyze such ed naturalistic..

data in precise terms, wi h respect o thestructure
and processing of infOrma ion in SCHOLAR. We ana4med
the dialogues concentratin on one aspect-at a time.

/Based on our analyses,,we ropose in this papdr several

hypotheses about how the,t for relates his teacbing to

the individual student. W how how in modified,form

Oe have implemented some o se strategies in SCHOLAR.,

We further argue that the analytical method emp1.44ed,here

could be extended .to a wide range of'conversational

situations. This method (Dialogue Analysis) would permit

psychologists to study guestions'aboutthft interaet4veA
aspects of human processing that cannot 'en be considered

with traditional laboratory methods.'
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Collins, A. M. Compaiison of two teaching strategies in computer-
assisted instruction. BBN:Report No: 2885, 1974. Submitted

to /natructional Science.

4

Three experiments were run using the.SCHOLAR CAI !system

to teach geogrdphy to high-schOol students. The.experi=

ments compared a method of teaching derived from analysis

of human tutors (Tutorial mode) vs."a method derived
.

from programmed instruction (Block-Test mode). In the

three experiments, Block-Test mode was systematically

converged toward T orial mode in order to pinpoint what

aspects of,teachi g strategy affected students' learning.

Tutorial.mOde wa significantly more effeCtive in the
first twO exper'ments, ancLnong.ignificantly in the third. 10,

.The *esults in icated that the, major factOr affecting

stcu ents' learning was the strategy that tutors use of

rev e' ing the atetial in greater depth on a. second-pass.

Allo Iig the s udents to' ask questions, and the tutorial

,stVa e y for r lating new material to the students'
r.

'prey ou knowl dge contributed only a small amount to

,the if lerence found in the first two experimen.
N,I\

Grignetti,M.

on-line as

the Nation

775-781.

C.

ist

1 Co

(Part

Hausm nn, C., andGould,'.L. An "intellignt"-

nt and .tor--NLS-SCHOLAR. In Proceedinulof

pater Conference, San Diego, California, 1975,.

al support)

NLS-S HOLAR is a prototype system that' uses Artificial

Inte ligence.techniques to teach computer-naive people

how o use a powerful and complex editiox. It represents



a new kind of computer Assisted Instruction (CAI) system

that integrates systematic teaching with actual,,practipe,

i,e., one wh).ch n keep the user under tutOril

vision while allow ng him to try out what he'learns on

the system he is learning about.

NLS-SCHOLAR ca

outsicie the tut

user's actual:-

assistance wi

of CAI.

hlso be used-as=h mron-line help systeh

r'al environment, ih,the course,of a

or . This capability of combining on-line

training is an extension of the traditional

The techniques used in NLS=SCHO are general and'can

be applied to a wide variety f computer-relate& activities.

Collins, A. Mk-Warnock,4. H.,'Aiello,

Reasoning from

Represe

N., and Miller, .,M_. W.

In D. G. Bobrqw4nd

ntation and understandina..N

NeW York: Acaadmic_Press, 1975..

The paper describes how people use a variety qf plausible,.

but uncertain, inferenceS to answer questions abput which

their knowledge is incomplete. This kind 'of reasoning is

described in terms of how it is being implemented ix the

SCHOLAR CAI system. The paper also-shows-how people can,

pe taught to reason in this way, using a Socratic tutorial

method implemented in a system likeiSCHOLAR.

4
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Collins, A. EduCation and underst-anding. In D. Klahr (Ed.)

Cognition and instruction. Hillsdale, N. J.: Erlbaum

AssoCiates, '1975.

This chapter co ents on chapterS by Just and Carpenter.

and by Simon lan Hayes on teaching understanding,skills.

The chapter argu s that the-moSt important aspect of._

understanding is Ow people their_knowle about

the world to fill in-the information the to t assumes.

Thus there can be o easy way to edUcate p ople to.

Understand, beca,us= they need to be taught both a huge

amount of world kno ledge and 'the understanding skills

to use that knowledg Wectively, in-reading.

Collins, A. and Grignetti, Intelligent CAI.

BEN Report No 3181, 1975. To be submitted to Science,.

This paper describes th capabilities noW available for

building i telligeht, t toriai,CAI.systems as exemplified

by several systems including Tutor-SCHOLAR, MaprSCHOLAR,

NLS- SCHOLAR and SOPHIE. T,he systems illustrate how a-

Niariety of sophisticated t4chniciues can be used for

tutoripg different kinds of knowledge by carrying on

dialogues in natural language. T e systems have been

developed to explore how to' Frovid 'each student with

his own personal, expert tutOF.

1,
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1Collins, ., Pew, .11. M. and Adams, M. The effectiveness:
. ,

of an interactive map display in tutoring geography. In

\Frepar&tioe.

This pAper will describe the Map-SCHOLAR system and an

experiment that compares how well students learn in

Tutorial Mode, using (a) the interactive map display

of Map-SCHOLAR (b) a static labeled map, and. (c) an
.

unlabeled, map. The paper will also show how a rrew .

method called backtrace analysis can be used to

pinpoint, the effectiveness of different aspects of

the tutoring strategy and the map system used in the°

experiment.

O
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rNTRODUCTION
,

'If .Computerized instruction is ever to have 'a large impact on

education, computer- assisted instruction (CAJ) eYstemsmust have-,the

flexibility and skill of a human teacher. In developing th4SCHOLAR..

.toCAI system Carbonell (1) tpolea first Step toward an.iritelligent:
.

4 ,

tutorial CAI system. in SCHOLAR, )snowledge as not stored as text,!
1 ..P q. ::-

.
but in an interr lated-network.of facts and concepts; so that he

.

'knowledge could be u ed Vti .a variety of ways. In short the attempt
- k :-

,

e
.

was to ,structure information like a htimdn knowledge,,so that the
. .

program could use its .knowledge as flexibly aS'a human tutor does.
. 1 9 '

a- ./
.

In this paper we will disdus1 the structure of the SCHOUR ,

system, Some Of the ways that -the potential for intelligent CAI', has.

been Fealized in current systemy, and finally what is possibi-e in

the n future'toward building intelligent tutorial systems:

The Context of SCHOLAR in 6A1

Prior to Carbonell SCHOLAR progr

several' _lines. Bryan (2) distingui6he

CAI had proceeded alOng-

hree broad.cptegories. In

the first, 5d-hoc CAI, the ,student is given ful4,ontro Of the.
'tor

computer with a:Simile prOgramming lang and perhap s a. series of

tasks to perform. ,:"LOGO (3). Wovides one the moSt-. interesting."

'educational environments Of thiS kind .and indeed children learn some

important cognitive- skills in working'- with- LOGO. The.-second
- ,

category .A.s games and simulation, where_ the student .learns
, .

indirectly while,participating in the gate or simulation. 'the Plato
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).

systeM's-"How the west was won?". (4). an excellent example of such

a system where children learn the arithmetic ,operations in playing a

variant of "C utes and L ers." Both these forms of CAI are highly

interactive, -but they are limited a6 teacni;ng 'Aethods 'to' certain,

,kinds of knowledge.

The third categoy Bryan called. controlled, learning. Most
,

programs in this category specify the; possible sequences throUgh a

program, where ,different branches are taken . depending on the

0. Student's responses to questions or problems. The sequence a

student follows is usual y'deterthioistic, with a brdnch for each

anticipatpd class of responses-by the student csometimes based,on a

,

1

keywbrd he might give) . SomeAhgenious programs can be written in

this wayi such as! the Socratic, system (5) or t'he chemistry programs.

in the Plato System (6), but there are soma inherent. limitations t

this 'approach. The shudent can not use natural language in hi's
"'" 4 $ t

respanses,.'and!cannot... ask any but specifically anticipated

OuestiOns. The teacher'hA6 aconsiderable,burden in tie preparation-
.

'of questions, answers, keywords, and branchings. From a system s
.

point of view, the'system has no real initiative or decision power

of its own nor any knowledge that is'available other than at Bfxed

..points in the sequence.
. .

The rigidityofIthis-latter approach led to the development of

"generatiVe CAI" (7). The first CAI programs were based on

mathematics,and other well-defined subjects; where problems could be

generated and'answers evaluated by "algorithmic manipulation . This
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was a major step toward representing a program's k.knowledge so that

it could be..used in ,a variety of way's.

limited to algorithmic. domains.

But the ,waS

. .
N .

.

Carbonell s contribution Baas to apply the idea of generative

in particular the domain ofCAI to ill=defined Verbal knowledgp,

.geography. Too do this he used4 a %mantic network . (8)

representing knowledge about the, world. In a semantic network,
. .

informationis stored about concepts under different entries, much

for

as in .An encycici&dia but ,'according

,,Every concept used to describe a given

deScritsd elSewhere in the

every concept .it uies.

4
When information is represented in the general format a

to a ipll-defined format..

concept can itself be
r

network. Thus the program can know about

semantic 'network, -then the.s

different procedures to for

ire of the network can be used by

to questions to the student, evaluate

his answers'answer his que ons, make*i ferences and computations,

select, new topics for discussion,etc,. F 'ing,the information from
Io

the specific use it is tib be put makes it available for Use in a

variety of ways. In this paper we will try to show some ofk the,

power Tor tutorial interactiofi cano'be obtained by such an

appROa:Ch to CAL'' A

The Original SCHOLAR ProOam

1

Figure 1 presents a short protocol:' with. SCHOLAR, shoking some
a

of the original system's. capabilities. SCHOLAR, selected topics. on a,
. ,

14

0



I

K

WHAT.ARE,THE PRINCIPAL CITIES OF BRAZIL?

*RIO AND MAYBE BUENOS AIRES OR SAN pAnof-
.

RIO DEJANEIRO AND SAO PAULO ARE CORRECT. YOU MIS LLED
SAO PAULO. BUENOS. AIRES IS IN ARGENTINA, NOT IN RAZIL.
THE OTHER. PRINCIPAL CITIES OF BRAZIL ARE BRASILIA PORTO'
ALEGRE, SALVADOR, RECIFE, SANTOS, MANAOS, AND BELEM.

TRUE Ott FALSE? THE LANGUAGE INBRAZIL:IS, FRENCH.

*WO.

DO YOU WANT O CHANGE TUE. GENERAL MODE OF,THE INT ACTION TO ,

A

QUESTION-ANSWERING MODE PLEASE ANSWER Y OR N.

OK, MR. JONES. LET'S GO AHEAD.

WHERE IS-BRASILIA?

BRASICIA:IS IN CENTRAL/ BRAZIL. IT IN THE .BRAZILIAN
HIGHLANDS. . i..7'

V4

*TELL ME MORE ABOUT THE LOCATION OF BRASILIA?*

THE LATITUDE OF BRASILIA IS -16. THE Lorimube IS .4
..8.

'WHAT IS LATITUDE.?* -

(

A. TITUDE IS 'AN ANGULAR DISTANCE. FROM IRF. EQUATOR. Iy CAN
BE NSIDERED A PART OF A LOCATION.

\. \

*WHAT IS THE MOS IMPORTANT DIFFERENCE.B,TWEEN BRASILIA AND
, RIO*.

tHE PRIMARY DIFFERENCE IS: BRASILIA IS IN /GENTRAL BRAZIL.
,BUT RIO DE JANEIRO IS IN SOUTHEASTERN BRAZIL.

*1S THE CLIMATE OF SAO PAULO. TROPICAL*

NO. THE CLIMATE OF SAO PAULO IS TEMPERATE.

,

Fig. 1 Dialogue with the original SCHOLAR .
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/
. -

random basis 'W

IP

the ,stuqent., could re 4 to the question by SCHOLAR, direct:a
. .

question .t0 SCHOLAM, or ue.a command such as halting or 'Changing
if l,

thCmode Of. interaction The student returned Control to SCHOLAR by
k

typing:adAsterisk-4hd ai"riagereturn. "/"'
AO ' o

/

o ' 0

,SClibLARbS,ROS s were iconstructed fit% tne information '-±-11

, A, ' 'A .
-

the semantdc'net and were not pre/ stored.- The student's answers

were, 'evaluated different pr&edures with respect to .'

(the

importance. When It printed an asterisk,.

information' network, deci:dihvwhether the particular viewer
A

.

t ,

was '000e0t partly. :'=correct; or approximately' correct.

gtudents q were analyZed syntactical4y tletermine What
, .

; ihformatlo Was r dpght, and the semantic network searched to find

the inf m'at19ry Different k'computations and inferences were
/ ' ,

appijed, f the formation was not stored ddrectly. All these
r

opera s' were carried . out byll's Procedures which operated
r

/indepeb ently of t e specific information~ that was vcilVed.

#

Fig. 1 the. quesions by SCHOLAR illustrate di ferent kinds\
I

Of tions that ould be generated. 'After the sdcond questionipy

SCH the stude t -changed the mode of interaction. from.

mix itiative mo e, where SCHOLAR askeP "hi% questions, to
.

que -answering mod' whereACHQLAR waited for questions from the

Other modes described below- have since been added to

lakii.\ Because the student can

systa, he can, choose the mode of interaction ha,t he firids most

etive,\ This is one

control-the way he interacts with

1

of the. important ways such a systeth
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persOnalizes inst uction%
QV

.

eNstudent then asked a series of questions .t6 -clarify

the informAion given- co: him about the cities' or B

a

. When the st) dent wants more information' about
S

something suc as

Bra ilia, can ask specifically what he wants tOkridw. When 131a
,

doe n
I

t u dq.rstaN a word, such as latitude, he' ban have it

/

ex laine . , In this way the knowl &dge taugh,t can begeared to the
,

ldivid stude background, so as, not.toirep at wpat\he'aready

knows or go ov his head. This is import it to maintaining a
.

4

'ptuden motivatio to learn.

_

two, question about the location Jf Brasilia illustrate how

tutorial system Ca9eNtrid,overloading the student:with too much

, inforMation at one time. Each piece of information lathe network
r 0_

/
tagged Co ihdicatesits relative'impOrtance. The program giyes

only the most6import4t inforpation at any time, but the student can

always ask for more informatiOn if he Onts it.

AO The questiohd abaut* the most
AP

-

.

341ZOPtat. difference ,between'

Brasilia and Pio andlabout-the clptate of Sao Paulo illustrate the
.

ability to tk4e semantic network p.make -appropriate dOmputh4Ons

and inferences. In the first' case there is a procedure, for

comparing two things to-find thelr similaraties and/or differences

Each property of the two things is compared_ in the ordOr of

importance" Here the most important property on .which the; two
N

thiTigs differ is found, and.giyen as an answer to the student The
. ...

second case 41ustrates a combination of two inferences, a deduction
.

.

1 :

17
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. / q

and :contradiction. Nothing about climate is'stored with Sao`,

I

.
.Paulo, but Sao Paulo is in the Bra?ilfan Highland's which has -'a

teepe atfe clirpafe. By comparing, tropical and temperate, sclioLA

kt
`finds here ts,a contradiction and concludes thp answer is !'no

There are.a large number of such inferential strategies that humans

use, and only some of the more common ones have been implemented in
P

SCHOLAR. But information in SCHOLAR is'structured.in sUcht a way"
that it is pObsible t specify content-independent procedures

carry out different erences.

t79

Ihis,summarizes tie tilajor contributions of the origtinAl SCHOAR

system. Tifer'eTwere=?..aiso Oeveral. severe ,limitations to th'

SCHOLAR. First; the iii\formation'Inythe-prognam, was res gted to:

static, venial faCts a4ut geography, which are not' very interesting

in themselves:- Second, theSpograt was quite restricte& in its
.

ability' to understand student and questions hed4use' of its
1

IIIA

limited language proces in cap'ability . :Third, and perhaps, most.* , .
g .

impetl.tant- there was
.

generated questions'ra do y or answered student questions. .. Wewil1,p

try. to shpt how latertems hat'? Overcome;some of the liMitatiOnS
. . .

teaching strategy; the program merely

of the Original SCHOLIRandfaf the same time exp)bited further its

potep*tihl.for tutorialfinteraction:

. -
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TEACHING.STR/A4rEOY

Analysis .of Human Tutoring

a'
In the briginal SCHOLAR there wai$\ no teaching

SCHOLA$ s. structure made it-possible to model the way human tutors

interact, with students. By collecting tape recordings of different

strategy, but'\

tutors teaching the same kind- of information as. SCHOLAR, it,was

possible to analyze a how tutors -adapt their- teaching to , the

ihdi,dual student (9): There were 'bur crucial aspects -of their
.

tutoring strategy, that were subsequently ff6dOled In SCHOLAR. ;They
iNG

were (a) the way tutors tolpics, (b)' the way they interweave

questions and presentation; (c) their reviewing, and (d) their ero'r.

correction strategy.

The *Tic selection ',ategy used by, tutors produces

structure of topics and subtopics like a out]; e for a coUrse For

example,,the tutor might start off with

any geographical features of
ti

Cape -Horn, for vample, then the tutor would disc

quest. like "Do you know

South Americ4?"If thy student gives

Cape ornjor a

perhaps the' Straits 'sof Ma'gellap as a subtopit.Wine, including

After covering the most important' information about.Cape 4drn, , the

tutor would then ask about other geographical features, like the
"

Amazon or the Andes. 8ach.of thete would be discussed brieflY until

the Mpjor

tutor wo d

the topics

geographical, features are coviered, at which point the

ptck a new topic such'is regions 'countries: Thus,

and subtopics form a nested outline structure, with the
O

1.
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tutor probing.a little. way into each subtopic, and then'' popping up

to the previous topic when the iMportantinfOrmation is exhausted.

The:better the tutor; the more structure there is to the disCussion..
JP

The way the tutor interweaves questioning and presentation is
. . .

the essence of how thetqpr'relate's his.teaching to the individual
,

student. The' diaidgues showed tht the tutors' questions occrr at

4fli'

the top-level and beginning topics in the .outlime. This Is-beCause

,----I----the-tutor.-starts out asking questions to find out That the ,student
II

already knows, and then Oresents new material that 14 related to the,

students /previous knoWledge. The object seems to .be to tie as much-

informatin as the student camas imilate into the structure of his

previoUS':knowledg (10).

Another impgrtant as ect of tie tutorial strategy is reviewing.

In the dialogu s the better' tutors went over the material on,a

se onti pass, as ing abou,t things he student didn't know the first

ti e through: a d adding more de, t ii to the structure of information

buiitup on the first pass:. he, tutorial method as' a Whole,

ref ected a strategy, Norman (10) refers to as "web teaching"14her',

the eacher first tries to estab iSh,a framework of basic knowledge

Ten 'fills .ip more and tllo e detail on subsequent passes, much'

like a' spider spinning a web'.

and

1"14 fc4th aspect of.tne.:dialogues important to individualizing

instruction iS the way tutors c rrect studenterrors. When students

make 1e confusion betlieentwopo the better tutors try

J
provide distinguishing. pra0e:iitiev betweem the concepts fOr the
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student.. For eXample,when one student confused Ecuador and

Colombia, the tutor pointed out that Ecuaiior is a much smaller
0

country and th.0 Colombia is connected to Panamay By providing

distinguishing characteristics, the tutor is giving the individual,

the 'most relevant information for remembering the distinction in the

future..

Tutorial Mode in SCHOLAR.

These four aspects of the human tutoring 'strategy were

developed in a mode called Tutor-SCHOLAR ('9). Like the human. tutor,

TiAtor-SCHOLAR selects topics in order of importance,land. goes into

depth on those topics the student knows something about. It'starts

out asking questions always Probing deeper until the studeAt doesn t

know an answer or the time is used up for that topic. When the

student .misses a question,: it presents .a little .related informatiOn

for the student to assNilate before going onto the next topic. It

allocates its. time between a first pass and a 'review,pass., On they

review pass it skips over what the stydent,knew earlier: However,
.

it asks about everything-the student missed, or that was presented

earlier. Anything the studept remembers from the earlier pass leads

the disaussion into more depth on the review .pass.

I

stJored, Tutbr7SCHOLAR tries to find a. bAsi4 for rejecting the

ssient
,It

s answer. This involves an inferential comparison between

0

WhVn the student suggests an answer that differs from what is

4-'wklat the student says' and 'What is. stored. If it can find a
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contradiction, the prograth points out the basis .To'r rejec'tin the

student s -.answer 'plus anything it knows about the relatioion* f he

.
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qudent's answer to the object in question. In this way it tr.es to
46,

give the student a,.- basis j'or remembering the distinction the

. .-

% O'igure 2 shows a transcript between' Tutor-SCHOLAR and a 1-ve

student, who was testing out the .sy9tem. It' shows the kinds of

mistakes' SCHOLAR makes in language->Onderstanding. But it'also shows

the interactive flavor of_ CHOLAh with, a tutoring strategy-directing J
.

.. -

the conversation.

Systematic Evaluation of Teaching Methods 46

Becauie the information in SCHOLAV ,is /distinct from, the

procedures used for teaching tharninirmation, it i ossible to

vary the,:tesching strategy uihile holding the information constant.

9This makes it possible to compare different°%eachibg methods in a

systematic manner. To evaluate the effectiveness of Tutor- SCHOLAR

we compared it to a teaching strategy derived from programmed
q .

'instruction, which was implemented in a mode called Block-SCHOLAtIT.

'Block-StHOLAR selects topics in the same order as Tutor-SCHOLAR but

unlike Tutor-SCHOLAR it first, presents material and then asks
,- .

questions about the material presented'.

'(hree experiments were run to compare Tutor-SCHOLAR and

.fflOck-SCHOLAR (11). The comparison was made by teaching students .,

the same domain of information with the-two versions of SCHOLAR,-and



LET'S BEGIN BY TALKING ABOUT THE LOCATION4F BRAZIL. T E.
OR FALSE? BRAZIL IS IN NOHTHEASTERN'SOUTH #M RICA.

'THAT IS FALSE'

NO BRAZIL IS IA NORTHEASTERN souniimER

T EASTERN COAST OF. BRAZIL IS THE ATLANTIC:
B RDERING , COUNTRIES ARE PERU AND 00404BIA.
BORDERING COUNTRIES ARE URUGUAY AND ARGEDITINti4

THE WESTERN,
THE SOUTHERN

Because the student Missed the cneSi tioniSCH.OLAR presents
Some'related information about the ca0"ionof Brazil,' .

and then goes on to the next topic.:,
1

,D.

.
. .4

,NEXT WAE GOING TO DISCUSS .THE TOPOGRAt' Y BRAZIL. THE
PRINCIPAL RIVERS OF BRAZIL ARE----:

..

'THE AMAZON AND THE ORINOCO.'

THE1AMAZON IS CORRECT. THE ORINOCO IS IN4' VENEZUELA AND,
COLOMBIA, NOT IN BRAZIL. THE OTHER PliINOIPAL RIVERS OF.
BRAZIL ARE THE TOCANTINS, THE SAO FRANCISCO, THE RIO NEGRO,
AND THE MADEIRA.

,THE SAO FRANCISCO IS IN EASTERN BRAZIL
1

. .I1T IS IN THE"
BRAZILIAN HIGHLANDS. THE RIO NEGRO IS IN THe'AMAZON JUNGLE.
IT IS IN NORTHWESTERN BRAZIL.

Because the student blew about the
it up as a topic for a while.

AMazOn, StROLAR takes,

CORRECT OR INCORRECT? THE AMAZON IS NAVIGABLE

'POSSIBLY YES'

NO. THE'AMAZON IS NAVIGABLE.

-SCHOLAR misunderstood the "possibly" andtreated the
answer as wrong.

THE AMAZON IS IN THE AMAZON. JUNGLE. IT IS IN BRAZIL AND
PERU. THE PRINCIPAL TRIBUTARIES ARE THE gIa NEGRO, THE
MADEIRA,,THE TOCANTINS, THE TAPAJOZ, THE POWS, AND THE
JURUA.

WHAT IS THE LENGTH OF THE AMAZON?

Fig..2 Oia1ogue with Tutor-ASCPOLAft

12



THE'AMAZON A LAKE?!

TI DON:T KNOW IF THE AMAZON IS A LAKE, BUT IT is A RIVER.

;CBOLAR found that both lakes and rivers `mere ;,iater,
erso it couZdn't reject the tdea.

NOW CAN EITHER ANSWER MY.Q ESTION OR ASK-ANEWONE.

WHAT IS THE QUESTION?*

WHAT IS THE LENGTH OF TAE # bN?.

*56b0i MILES*

Ws.

NO. THE'LENGTH OF THE AMAZON IS 4;000 MILES. -

Having exhausted ite allotted time to rivers, SCHOLAR
went' onto t4e next subtopic under topography of.Braz1Z.

THE PRINCIPAL MOUNTAINS. OF BRAZIL ARE 7-7-.

*I AM NOT SURE, ARE THE ANDES' IN BRAZIL ?*

IN WHAT YOU SAY, I DorrT RECOGNIZE THE. WORDS "I ",
"SURE ". TRY AGAINr

''ARE THE ANDES IN BRAZIL?*

NO, THE ANDES .ARE' NOT IN BRAZIL, BUT IN ;VENEZUELA,'
COLOMBIA, ECUADOR, BOLIVIA, CHILE,' AND ARGENTINA.-

FEEL FREE TO ANSWER THE QUESTION YOU DIDN'T ANSWER BEFORE.,'

"AM". AND

*BRAZIL HAS NO MOUNTAINS.*

NO. I DON'T KNOW WHAT YOU MEAN BY NO TH ;CORRECT ANSWER
IS THE BRAZILIAN'HIGHLANDS.

SCHOLAR didn't understand.the answer`, ut proceided quite
reasonably.

THE BRAZILIAN HIGHLANDS ARE IN SOUTHEASTERN BRAZIL. THEY
ARE NEAR THE ATLANTIC.

WHAT IS THE PRINCIPAL PLATEAU OF BRAZIL?-

The dialogue continued Orauseing different aspects of
Brazil, but we wilZ break here" to the begi ninth of the.,
second pass.

Fici. 2 .Dialogue with Tutor - SCHOLAR (cont)
to

13
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"NOW WE WILL GO OVER THE MATERIAL AGAIN. LET'S BEGIN BY
TALKING ABOUT THE.LOCAVLON OF-ZRAZIL.

PLEASE INDICATE IF. `THE FOLLOWING! *STATEMENT IS CORRECT OR'
NCORRECT; BRAZIL IS INUORTHEASTERN-SOUTH AMERICA.

17-4:TRU,E*

THAT'S RIGHT. . BRAZIL IS IN ,NORTHEASTERN SOUTH. AMERICA.

ts
Because on this pass the student was correct, SCHOLAR

'

asked clUstions aboutthe 'information that was presented on
the first pass.

THE EASTERN COAST OF BRAZIL IS

'*ATLANTIC SEA.;

VERY GOOD. THE ATLANTIC IS CORRECT.

THE WESTERN BORDERING COUNTRiES OF BRAZIL ARE

The dialogue continued through the second

2 Dialogue with Tutor-SCHOLAR (cont)

o.

14. 2
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F.
AZ

Measuring their learning by comparing' pre-"test and.post-test scores

. on the material covered. In the ,three experiments, Block-SC OCAR'

YWks systematically converged toward Tutor-SCHOLAR in ,drd r to
,

npoint what aspects of teaching' 'strategy .affected student-a-

earning. Tutor-SCHOLAR was
.

significantly, more effective in the

first tvo experiments, and nopsignificahtly
44.
in ',the ,third., The,

. ,

results indicated that the ma)ori factor affecting student's learning
.

was-the strategy that tutors upe of reviewing the material inn

.kgreater depth on a, second pass. Allowing the students, t ask

questions, and the tutorial strategy of relating new material o they

student's -previous knowledge contributed a smaller amount to the

greater' effectiveness,of Tutor-SCHOLAR.

The fact thatSCHOLAR can be used to test particular aspects of

teaching methods. makes , it 'potentially a valUable tool for

educational research, The possibility of trying out single

modifications in teaching strategy to see the ,r effects,on st t s

learning rate is unique. Human teachers.of course can mdke such

modifications in their own teaching strategies, but there is no way

to control all the other factors that might vary as. they change

° strategy. However, any spediiio version of SCHOLAR is a fixed

system, and so- an unbiased comparison can, be made using any number

of subjects. In this way the accumulation of systematic ktowledge

about teaching methods,can occur.

15
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UTORING DIFFERENT TYPES OF KNOWLEDGE

4/h

One off', the limitations of the original ;SCHOLAR was that it was

restricted to teaching verbal fadts about geography. The SCHOLAR

system itself has been extended t )-dncompass
P.

two other kinds of

knowledge: -*visual knoWledge about Maps in the geography, domain, and

proceduralAcnowledge'about how to use-a computer text-editin

called NLS (12). A related program called SOPHIE (13)Aufors the

diagnostid skills.needed inv-eIectronic troubleshooting. 'In, this

section we will try to sho the generality of this approach to CAI,

and also some of the specific adaptions that 'have occurred ,in

applying it to differentdomains.oi; knoWledge.

:.,Tutoring Visual Knowledge

fd order to explore the tutoring of visual information in an

integrated '-manner with - verbal information, we developed a
4

Map-SCHOLAR System (14). The system can discuss with the student

different maps that change/dynamically according to the context of

the discuapion. To do this 'a graphic structure was created- whit

parallels the structure in.fhe semantic network. The elements £n

the map display therefore can be referred to either by. their -name,
4

or.,... by pointing to_them, or both. Map-SCHOLAR bbth asks and answers
P, '1

Map-related questions and provcdes relevant,map 4.nformation whenthe

.student ' makes mistake.. It has .a14 the ties

r.Tutor-SCHOLAR With the addition the map capabllities.
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Figuee 3 illustrates some of the Variety of interactions
.

. -

possible ,with Map-SCHOLAR. The first panel -illustrates how

Map-SCHOLAR asks map-related qilestions, e.aluates the student's
, *

answers, and corrects.his mistakes. First, the dots indicating the

andlocation of.the cities appear unlabelled on the map of Brazil

tart blinking. Ihen SCHeL;t

cities. When he responds tells him which

in ing.

answers were correct

and prints their names 06 the map. Because he,erroheously gave Lima

as an answer, Map-SCHOLAR pointed oit that Lima is in Peru, and

'showed where ,Lima*is on the map. Thus Map-Scholar gives both verbal

and visual feedback to' help.the student learn the material.

The second panel shows how context aftectp the map display.

Thetopic is the AmaZon, which appears, in this context on t 'he map of

Brazil the overall topic. The question asks the student to point

at the cities along the Amazon in the order named. The dots for the.

three cities first appear unlabelled, andonly after the.student has

answered do the laheld'appearr Unlike the firstimap,-this map shows

only the bities on the Amazon and their relation .to the Amazon.

`There is also expansion-Of detail so that a city like Belem, which

wasnot important enough to be included among the cities of %BrazicI

is included with the _sill:topic of the Amazon. Because the
,
map

chahges dynahecally as the context changes an0 as the -student

interacts, with the System, the.studerits attention is focused on the

relevant information exclusively and questions Can be posed in a

-visual form not possible with 4a static map display.



/ c

4

NOW SEE WHAT YOU. REMEMBER ABOUT THE CITIES OP BRAZIL.
PLEASE NAME THE PRINCIPAL CITIES OF BRAZIL NOW BLINKING .

ON THE DISPLAY'SCREEN.

*MANAUS SAO PAULO AND LIMA*

MANAOS AND SAO PAULO ARE CORRECT. LIMA IS IN PERU, NOT IN )BRAZIL.
THE PRINCIPAL CITIES OF BRAZIL ARE BLINKING ON THE SCREEN.

RIO.DE JANEIRO IS IN SOUTHEAS,ERN BRAZIL.
IT IS ON GUANABARA BAY AND THE ATLANTIC.

fBRASILIA IS IN CENTRAL BRAZIL."
IT IS V711; FROM THE OCEAN.

,

-

V

Fig. 3 -Interactions with Map-SCHOLAR

18



\ArSE REMEMBER TO TYPE AN ASTERISK.* FOLIIOWED BY A

PLEASE POINT TO THE FOLLOWING CITIES OF THE AMAZON
N THE ORDER IN WHICH THEY APpEAR BELOW:
NAOS, BELEM, AND IQUITOS
ON'T FORGET TO LET ME KNOW WHEN YOU ARE FINISHED,

IIIAGE RETURN. .

-**\

MANAOS IS COR$ECT. YOU DID NOT POINT AT BELEM AND IQUITOS CORRECTLY.
THE\CITIES OF THE AMAZON ARE'BLINKING Ofd THE SCREEN.

.

cn

410

41.

1.

Fig. 3 Interactionb with. Map-St:OMAR (cont)

19



'

LE T IS(I3E BY TALKING ABOUT THE TOPOGRAPHY OF VENEZUELA..
THE PRINCIPAL LAKE OF VENEZUNLA IS BLINKING, 'PLEASE' NAME IT.

*I DON'T KNOW* -

THE PRINCIPAL LAKE OF VENEZUVA IS- BLINKING ON THE SCREEN.

LAKE MARACAIBO IS IN NORTHWESTERN VENEZUELA.
THE PRINCIPAL MINERAL IS OIL.

*IS THIS COUNTRY COLOMBIA?*

*WHNR,E. THE CAPITAL OF VENEZUELA?*.
frI4

CARACAS IS BLINKING.

4,

o

Fig. 3 interaction with 'Mar;-SCHOLAR {font)
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. The third panel sows the system's potential 4for tutorial

interaction. When the stUdeint didn't know about Lake Miracaibo,

Map-SCHOLA Showed it on the screen and added the ,`related verbal

information about the oil there. The two questions\ by the student

illustrate some of the variety of questions the student can ask

Map- SCHOLAR to: clarify or amplify the.infOrmation given 114). .111es

a!

first question involves both pointing at an naming o om la o as

if that is the country near Lake Maracaibo. The second'question

shows another kind of map question. The subject verbally asks where

the capital of Veneiuela is, perhaps to find out how far away it is.

SCHOLAR figures out semantically that the capital is. -Caracas,
.
and

theh visually shows where Caracas is Nublinking it (it is the

double square). These examples illustrate some of the power for

tutorial interaction that can be obtained by a close ineegration

between semantic and visual knowledge.

There is now substantial evidence in the psychokogic&l

literature (15) that people remember imageable material better than

non-ima eablp material. Furthermore, if they use image- strategies

for emembering (16),..they remember any given information better

t an if they use other strategieg. Hence the fact thl information

is presented visually should make it more memorabie.

As Collins .& Quillian and Norman (10) argue 'the best way

learn something is to relate it ,as much as possible to whatever

information one already knows. Hence, even nonv.isual lnformat.lori

to.

like the fact that. the Manaos has a tropical climate, will be

.11
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learne.albetter one can see where.Manaos is. 'Thip i true for

two reasons. First, because :when Manaos ielocated visually, it

will be remembered better, and so facts that. are-,related to'it will

also Ee remembered better Second, if a student sees that Manaos is

on the Amazon, then its climate can be 4.ated to any knowledge

-abOut the climate of the Amazon. Thus, infsrMation'that seems not

context. .For 'these reasons we expect the map facility, to have a

:substantial inipact on how much students learn.
. r

1.
We 'have conducted an exb.erimental evaluation of the map -system

t 4using the cOmpar4tive method .described earlier (11). The test

compared student's learnin with Tutor-SCHOLAR using the map system

# vs. labeled map vs. an unlabelled map. The experiment found an

advantage of the map system over either of the static maps.' We are

pAigg a technique called "backtrace analysies", which involves

'&40aring the recificinformation each student learned with how

infb&Mation was discussed, in order to pinpoint what aspect of
./

the map system led to better learning by. the students.

Tutoring Procedural Knowledge

NLS-SCHOLAR(17) is a prototype system teteach computer-naive

people how to use the powerful NLS text - editing system (12). This .

teaching is accomplished. by presenting a Sequence of lessons.

During each lesson the student may interact with the system by

asking and answering questions, performing tasks which are posed by

22.
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the system, and performing tasks of his.own chooSing. Tasks are

executed( on an actual NLS sy tem. .Those tasks which have been posed
(3.

.are evaluated by the system and the student is given encouragement,

advice Ilid.assistance:

NLi-SCHOLAR has been d signed with t e belief that procedural'

knowledge; is best learned by doing'. It is_an example (18) of a

new kind of CAI system th t ,integrates systematic teaching with

actual practice, .,i.e., one w14.ch can keep a student under

"intelligent" tutorial su er-viaion iihile allowing him to try Out

wht he learns on th ,rery system\he is learning about. Thus the

system "knows",,jwhat the sit dent is doing and can point -oui his

mistakes, give Stiecifiethelp; show him how to do things and even do

them for him.

NLS-SCHOLAR delivers a series of lessons designed f9r gradual

Understanding of AS concepts and commandd. Within these lessons,

the system pauses to ask the student questions and to' propose

editing tasks for' him to" perform Using NI,S. A student's responses

to questionsand his performance of tasks are evaluated by the

system and if he makes an error, the nature of his mistake is

pointed out and appropriate action is taken. For example, if a
+,4

question is answered unsatisfactorily, NLS-SCHOLAR proposes another
.

question of the same.kind. If a task is ',Wormed incorrectly,

depending on the magnitude of'the error, NLkS- SCHOLAR either resets

it for the student to try, again, or asks himto peoceedand try, to

fix his mistake, aided by the inforbation NLSSCHOLAR provides,.

23 34
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The use can formulate requests in ,relatively unconstrained

nglish. The requests can.be questions abou concepts or about

he state of his work, requests for` help in doing a^ task, or even

LS commands expressed in_ English. The system is "aware" of what

he user is currently doing so that,his requests for help can:be

nswer d within ,the cOntext of the problem he is working on. Ibui

LS-SCHOLAR not onl tells him "The

1So-.1In your case-, what You should

NL - SCHOLAR has the ability to use the NLS file a student isg
rrentl working on to show hii how to perform editing actions%

is giv s the system much of the flavbr of a human tutor, as if he;.

w re
,

tak ng. the student's place at the terminal and saying "Watch me

do it- for You".

The avor of NLS-SCHOLAR is best conveyed by an andotated
a

protocol' hown in Fig. 4, which, was obtained on-line using_a
A

-version of he system. In the courseof a' lesson,, students learn
N

how to ge the ,contents of a menu y performing editing

operations. The protocol starts at a point well along in the

t udent's rni4 of NLS -- he had been told about NLS files,' how

to load them print them, delete and insert statements, etc. He is

about to b, taught how to use the Substitute command to' effect a

change in the enu. Notice that what the student actually typed is

underlined and tat our annotations appear initalics.

,The capabi ties.of NLS-SCHOLAR allow students to learn from

explanation, 1. -rn by doing, and learn by.asking questions. Their



BREAKFAST.MENL

1 JUICE
. 1A ORANGE
113'.'GRAPEFRUIT

2 CEREAL
2A' OATMEAL

2A1 WITH RAISINS
2B CREAM OF WHEAT
2C CORN FLAKES I

3 EGGS
3A SCRAMBLED
3p- FRIED

'3B1 SUNNY-SIDE-UP
3B2 OVER -EASY

4 BEVERAGE
4A HOT°CHOCOLATE
Ilk, TEA
Ar.4B1- WITH umog

4B2 WITH SUGAR AND CREAM
4C COFFEE 1

1.

SUBSTITUTE WORT? IN STATENENT

Before we end this lesson,.I'd like to show you how, to change the
content of statements which have already been inserted in your file.

'You've learned- how to correct errors by deleting an entire statement'
and inserting, a new one in its place. The SubstituDe command may be
used to change just a word or even a single'rharabter at a time. 'FOr

. example, here d how you can change a word in statement 2A1: so that 4t
reads WITH DATES instead of WITH RAISINS.

EDIT C: (Su )bstitute C: (W )ord in C: (S )tatementat
)(<CR>);
<New WORD> T:'(DATES)(<CR>);

1 <Old WORD> T: (RAISINS)(<CR >) ;_
Finished? X/ N: (Y) OK: (<CR>);
Sub titafons made: 1

EDIT C: (Do )rye OK: (<CR>);

4
NLS-SCHOW'perfOrmo a ,commandfor the student much Cs*
human tutor wOuld(by leonine over the student an_d_typiug
the command on the student-II terminal. Parentheses enclose
What, the "tutors datudlly "types", ocpardtin# it from, the
echoes and-reeponceo printed by
.4CR> it just a symhol to denote that. the "tutor "-deptested
the return key.:. The semicolon io 11L.5.6.echotoCR>. -

Dialogue with NLS-SCHOLAR



Yoli:can see that I've specified that I want to SubStit.Oe'One word in
statement 2A1. for another; the new word DATES is to'be
substituted for the old word RAISINS.
(There is no restriction that the items substituted,fo
one anptherbe of the same lepgth.)-

To do this I 'typed only 'Su W S 2A1 -<CR>' to proddee'the.first line; Ityped 'DATES <CR>' and 'RAISINS <cp' to produce thee ded
The remaining Fharacters are all printed by'NLS:

NLS asks 'Finished?' since more than one substitqttop can be made at a.time. If I had typed "tr for no instead of for ye, 1.t'would 'have.
prompted for another <New WORD>, and <Old WORD> pair.

",0

ascs or ur cr confirmation with 'OK:.
to which I responded with a <CR>.

When the co-mend has Heen executed, NLS tells how Mhny substitUtions
have been made. Irthere had been two instances of &Aims in.
statement 2A1; both would have been changed to readDATES.

Statement 2A1 is now the current statement. PleasegOint it.

4,

Student tirptig 0 underlined.

TASK 41

EDIT' C:. '/*

==>WITH DAT'
EDIT C:
2A OATMEAL .

EDIT

2A1 WITH DATES
EDIT C: Done OK:__;

,

,You printed too many
'This is what T wanted

2A1 .WITH DATES

The student confuses the \ command, whi6h
printa&the current statement, With the / command
that shows the current position of the con rot
marker:. Rea/iaing hip mistake,, he fumbles with
the other one - character .commands he can
remember. Fiist he trios f'wki.ch prints the
previous statement (24), and *Ikea it become
the current statement.

Next the student depresses the LINE FEND
key which echoes as Za giving him the nett
statement (241), making,it current.

tatements. The task i cauated.:
you to print:

Please redo just the.printing
part of this task. Your file is unchanged.

NLS-SCNOLAR is really determined to get the student to review
him to print the current statement.

rig. Dialogue with NLS SMOLA*. (cont)
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continuation of TASK 41

:EDIT C: _*What command prints the current statement?*

, THE USER PRINTS THE CURRENT STATEMENT USING THE
N COMMAND

Failing to remember the pppropriate one-character,command,
the student gives up and asks for help,
Questionv can be asked anyt7:meoit is thestudent's turn to type,
NLS-SCHOLAR answers thic question by retrieving information from
its -own interna1,4Iescriptive.data base.

4

stontinuaLiOn of TASK 141

EDIT C:
2A1 WITH DATES
EDIT Ci pone OK:_;

QUESTIONS?

*
9'he4tudept chooses te ask no que4ions at 'this time.

Try the Substitute command yourself by.subStituinn the-word-`
OAT for :CORN in thc.staitement containibk."CORN AFLAKES".

.

TASK 42

EDIT C: *What statement contains "CORN"i*

V

THE STATEMENT CONTAINING "CORN" IS:
2C CORN FLAKES

The student wants to know what the correct statement number is
for him _to type. The system obtains the gnawer .actuallu
looking into the student's work space -- the anewer is not stored
(it cannot be!) in the infernal data se.

The system interprets correctly most f the common
parapi;rasos of ,this type of question, e.g.
"What is the statement containing ..."
"What statement' contains ..."
"Where etc.

Dialogue with MLS-ECHOLAR (cont)
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J
continuation of TASK 42

EDIJT C: Substitute C: Word in C: Statement at
<New WORD> T: CCU;
<Old WORD> T: OAT;

Finished? Y/11: Y 01(:I
Substitutions made: 0
EDIT C: Done OK:_;

The student switches around
so no change is made.

You should have 'altered the
so that this part.of it

2B CREAM OF WHEAT
2C CORN FLAKES

3 .

would look like thin:
2B CREAM OF WHEAT
2C OAT FLAKES

3 . .

the new ana .words,

file PLS-SCHOLAR show he 'student
what the result this Comiiand
should have bee 0f he had

.

But you did riot after the file:

Please try to repair your
mistake. The file is as you left it.

continuation of TASK 42

EDIT : *How does one do this?*

as opposed to'*O'resUlt;Which
he obtained. Ulh thia
information, Lwffc.. student.

can mdebue 'hlPerformanef
of the task.

The stuit,nt lost and
asks fetheli.

THE USER TYPES 'SUBSTITUTE% FOLLOWED. BY 'WORD-
'STATEMENT% '2C", <CR>, "OAT', <CR>,
'CORN', <CR>, ."I',-<CR>, "DONE% AND <CR>:..

continuation of TASK 12

EDIT Cr *Please do itifor me*

EDIT C: (Substitute ) C: (Word') in
<New WORD> T: (OAT)(<CR>);
<Old WORD> T: (CORN)(<CR>);
Finished? Y/N: (Y) OX: (<CR>);
Substitutions made: 1'

EDIT C: (Done ) OK: (<CR>);

NL.54-ROLAR-can show him. what
to 4104 a* weZZ.J2s.-..

if

ct'raZZy do it for him!
1

C:. (Sttement ) at A: (2C)(<CR>);

Pig. 4 Dialogue with NLS-okHOLAR. (cont)
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tightintegr tion within a working environment makes AS-SCHOLAR

powerful tutorial CAI system.

Tutoring Dia ostic Skills

SOPHIE reflects an attempt to extend Carbo

mixed-
\

student initia yes.. Unlike previous tutorial systems which attempt

to mimic the roles of a humar) teacher,' SOPHIE tries'po'create a

rpose of encouraging a wider rantipe of

"reactive"envir nment in which the studpnt learns by trying out his'

ideas rather th n by.lnstruction. To this end, SOPHIE incorporates

a "strong" model of its knwledge domain along with numerous

heuristic strate ieb for answering a student s,que45ions, providing

pid with critiques of his current solutionl paths, and generating'

alternative Iheores to his current hypotheses. In essence, SOPHIE

enables a student t have a onerto-one relationship with an "expert!'

who helps the student create, experiment with, plc' dehug hisown

ideas. 111'

,SDPHIE's experti e is derived from an efficient_ and powerful

,inferencing scheme t at uses multiple representations of 'knowledge

including (a)' simulat on models of the domain (b) Oroaedural

specialists which contain logical skills and heuristic stra tegies

for using these Models, and -(c) semantic nets for , encoding

time-invar;ant: factual kn wledge._ The power al(d generality of

SOPHIE stems, in' part, fi'om: he -synergism obtafned by focusing ,the

.

diverse capabilities of the

o

Procedural speCialists on the
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"intelligent"- manipulation,- execution,' and interpretation of its
7.

simulation models.

In the basic scenario, .aolaHIE acts as an 'electronics lab

instructor who ',helps the
)
studdpt transform his classroom knowledge

. .

of . electronics into an experiential, intuitive knowledge of, its

meaning and application. It does this ..fry'interacting with the
0 0 4

student while he is .debugging a 'malfunctioning piece of equiRment

(19). The student can perform any Seqqence of measurements, ask.

either specific questions 'about the implications of these

measurements for more general hypothetic 1 questions, and even ask

for advice about what to consider next, g, en what 'he has discovered$

thus far. At .any.time,,SOPHIE may encourage the student to make a

guess as to what.he thinks might-be 'wrong given the measurements he

has mde thus ilar. If he does, SOPHIE will evaluate his hypothesis

by taking into consideration all the information he should have been

able to derive from hib current set of ilidasurebents. If any of this

information °is logically contradicted ,by the hypothesis, SOPHIE

identifies and explains theda Icontradictions. Likewise SOPHIE can

judge the merits of any particu r measurement with respect to the

prior sequdnce of measurement he has made. For exaiple, him new

measurement may be logically red ndant i.n the sense that -no', new,

information can possibly be derived fromA.t (am extremely .mplex
I

task to determine) ` SOPHIE dap lso decide 'if this measurement

,perforim a reasonable split the hypothesis space of possible

faults'which hafe not yet been ruled out by prior measurements.
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It should be noted that the scenario contains suite a variety

of logicallonsks (i.e. , hypothesis evaluation, hypothesis formation,

redundancy checking; hypothetical question answering) each Om' of

'which requires a substantial amount of deep logical inferencing.

One of the bisic challenges in construhing SOPHIE was creating an

inference system which could perform this wide range.of tadM

efficiently (so that it could be used in real_time) and at the same

time have it be robust in the sense of handling all realistic

queries.

a.

BecauseA*HIE was-designed as an environment in which students

could create and articulate ideas, it was necessary to have a,

powerful-netural.language processor td communicate with students. A"

Student will become frustrated if he has to t'ry several ways'of

expressing ,pn 'idea to get a response. In addition. he will become'

bored if there is a long delay (say 10 secs) 'befo're the system

replies. And because students begin to assume the system shares
4

their "world-view", SOPHIE must cope laith contextually-dependent

references, deletions., and ellipses.` ,SOPHIE's natural langu4e

processor is based upon 'a "semantic grammar" technique, in _which
$

concepts like ,"measurement ". or. !''circuit element" trigger

expectations about what things should appear n the student's input.
..

SOPHIE ohas demNStrated that natural langu'age processing has

advanced far enough to deal with theseathree kinds of diffiaulties

well enough to build fAilly, but sophisticated tutorial systems.
k,
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THE FUTURE OFINTELLIGENT CAI.

- The thrust of this paper has, been to, show what .ind of

capabilities

CAI systems. The doMain of such6systems is virtually unlimited; it

are now' available for building genuinely intelligent

is not restricted, for example, to, drill and practice or

mathematids. The language capabilities of current systems are not
.

equal to those of a human, nor will they be in the foreseeable

future, but they are good enough to sustain practical systems.

The Plato system(6) has ,shown that it is podsible to .bUild

both ',interOsting and cost-effective CAI systems. in a time- shared

comp6ter environment. They have accomplished this by using a

variety of teaching techniques: the Socratic method, generative CAI,

games and simulations, programmed Instruction, etc. Intelligent CAI

is an attempt to go beyond the technology in the Plato system to

explore how to build greater intelligence 'into' tutorial systems,
. .

,while . at the same time utilizing many of the educationl techniques

employed so successfully in Plato.

Intelligent CAI systems now both costly to build ,(abOve

$100,000) and to use (aboilt $10-$20 pep pour). But, the cost of.
. .

computing continues to decrease while teaoher's sal:a:ries are rising.
% .

,Hence the cost of running su.oh systems shduld be competitive in

comparison to the cost. of human tutoring within a *loft time;

especially 'where there are few skilled teachers aftilable, as with

teaching computer text-editIng. The effective cost of building ,euch

systems 'depends on how' much they are used.' If they are used
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heavily, then the large cost of building' them will be worth .the

investment; otherwise not. It is at least possible that one of the

current systems will be used *enough to justify the development

expense, though they were built only as prototype systems. The test

though will be the development of such a system for a school setting

.where large numbers of people are being taught.

'The payoff in intelligent CAI comes from personalizing the

learning process. Personalization is effective in many ways: by

forcing the student to participate in learning; by teaching at thr

level t-of hiS individual knowledgeCby providing a setting where the

student can try out his own ideas and make mistakes; by freeing the

student from peer pressure; by addressing the student's individual

confusions, etc. These advantages make it worthwhile to- give

intelligent CAI a serious trial.

r.
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